Over the years, world market is integrating at much faster pace through increasing trade openness. Not being an unmixed blessing, consistent efforts have been made to examine impact of trade openness on economic, environmental and social welfare. This study is an attempt to empirically examine the implications of trade openness on sustainable development in India since liberalization policy 1991. We used the Autoregressive Distributed Lag (ARDL) model to test the relationship between sustainable development and trade openness along with other control variables that are supposed to affect sustainable development. The results established supports the opinion of environmentalists. The empirical results are contrary to the conventionally held belief, indicating that trade shares a negative correlation with green GDP growth and positive correlation with gap between conventional GDP and green GDP. These findings support the arguments that trade openness tend to be both distorting and detrimental to the future generations.
environmentally sustainable economic development, but rather a powerful enabler or engine. In general, the WTO Doha Ministerial Declaration also firmly reaffirmed its commitment to the sustainability target. Not only sustainability being an explicit goal of trade policy, but there is a growing trend to use trade policy as a tool for promoting specific sustainability goals. Trade remains a contentious issue in any developmental discussion without a quick fix solution for its ability to affect either way the economy, culture and climate. We believe that this issue can be resolved by taking alternative welfare measures instead of simple GDP growth rates. One of the popular alternative, among others, is Genuine Savings (GS) to give a sense of whether an economy is on the path of sustainability. This study attempts to bridge this gap by empirically investigating the validity of various assertions by means of alternative development measures. If trade openness promotes sustainability, as proponents claim, then such improvement should be indicative of its impact on economic, social and environmental capital.
The rest of the article proceeds with section 2 reviews the empirical literature and section 3 discusses the construction of sustainability index, model specification, data and ARDL approach. Section 4 presents the analysis and interpretation of empirical results. Section 5 summarizes and presents the concluding remarks.
Review of literature
All three dimensions of sustainability (economic social and environmental) have been scrutinized intensively and enjoy a considerable volume of literature. The merits of trade have been debated by economists, environmentalists and social commentators for decades. Trade openness proponents see it as a sine qua non for growth in developing countries and therefore should comply with a positive global trade policy (Krueger, 1998 & Were 2015 . Trade openness has been stressed on a larger scale from mercantilism to classical theories. Much stronger emphasis on trade openness can be found within the framework of modern endogenousgrowth models, which directly linked growth and endogenously selected policy options such as outward oriented trade regimes Dowrick (1994) . United Nations' World Economic Survey 1962, said that economic problems of low income countries cannot be tackled without raising their manufactured export Kaldor (1964) . Commenting further, Mountford (1999) argued that trade contributes to the sorting of world economies into high and low growth countries and creates patterns of catch-up and/or overtaking. Empirically, trade helps in efficient resource reallocation (static gains) and ushers dynamic advantages in the form of an expanded market for domestically produced goods, changing attitudes and institutions, increased competition, higher investment flows, faster productivity growth, learning by doing, acquiring new knowledge and ideas, Lee (1995) , Kraay (1999) , Coe and Helpman (1995) . Exposure to foreign externalities also enhances the performance of non-export sectors, accelerating overall economic growth (Romer (1986) , Lucas (1988 ), Stokey (1988 , Froning (2000) and Dollar (1992) . Increasing competition by trade liberalization also decreases the losses of deadweight incurred by domestic monopolies and oligopolies, and thereby bringing additional gains, Krishna and Mitra (1998) . Rodrigues and Rodrik (1999) questioned the measurement of trade openness, despite these upbeat assessments by proponents. He was unable to find a clear cut relationship between trade and development, but such a relationship is contingent on a number of external and country specific factors. Furthermore, environmentalists harbour the legitimate fear that underneath this new wave of increasing economic integration lurks the all too familiar politics of economic growth that has contributed to the biosphere's destruction. Free trade opponents, who bring strong moral convictions to the debate, are convinced of the negative environmental and social impacts of trade openness. These journalistic arguments suggest that increased trade leads 'global pillage ' Brecher and Costello's (1994) . High energy use for economic growth contributes significantly to environmental degradation, Dar and Asif (2018) . Increasing trade may lead poorer countries to 'specialization trap 'by maintaining their dependence on primary exports Ropke (1994) . Copeland and Taylor (1994) concluded that the increase in revenue generated by trade can lead to a rise in the rate of world pollution. Rosenberg (1994) argued that further liberalization would only increase the unsustainable level of exploitation of resources. These passionate debates, are prompting countries to reconsider their trade actions in response to fears of carban leakage, Bellmann et al. (2011) . The bulk of existing studies have concentrated on how trade globalization affects social welfare programs, making the poor more vulnerable and helping the better-off, Rudra (2008) . Dependency theorists see international trade as a type of neo-colonialism that breaks the democracy and social relationships, Amin (1990) . Since openness is associated with periodic shocks, it puts vulnerable groups at great risk Desai and Rudra (2018) . Developing countries with increased trade in manufactured goods show evidence of reduced social protection coverage for the poor as well as for the general population. Critics claim that trade liberalization decapitalizes poorer countries by intensifying inappropriate consumption and repatriation of resources by foreign companies, Bornschier and Chase-Dunn (1985) . In addition, business groups and investors in newly liberalizing countries are pressing governments to lower taxes and squeeze workers 'bargaining power Rudra (2002) .
While trade continues to grow at an unprecedented rate, the empirical debate is still unsettled due to the fact that economic growth achieved through open trade is recognized as a universal remedy for social and environmental issues. Since growth in terms of raising GDP, has failed to account for many important dimensions of sustainability. As Stiglitz et al. (2010) puts it, GDP though primarily measures market production, has often been equated with the measurement of economic well-being. It can be seriously misleading to conflate market production with economic well-being to show how welloff people are. It also misses out on several critically important issues like unorganized market, distribution of economic goods and pollution costs etc. also Costanza et al. (2009) .
Methodology
This section presents the construction of composite sustainability indicator, model specification and ARDL approach of cointegration.
Construction of composite sustainable index (CSI)
The index of sustainable development is obtained by means of an analytical approach (see Tokos et al. 2012 for detailed explanation). By normalizing their corresponding benchmarks, a representative set of economic, environmental and social indicators is transformed into dimensionless sub-indices, given in Eqs. 1 and 2 below
Where, NI þ itd is the normalized indicator i from a particular dimension d having a positive influence on sustainable development at time t and NI − itd is the normalized indicator i from a particular dimension d having a negative influence on sustainable development at time t. BM itd is the benchmark (the average value of the top five performers from among 30 developing countries for the year 2015) of each indicator i at respective time periods t. The next step involved is the aggregation of respective normalized indicators (NI itd ) to construct sub-indices pertaining to their dimension as defined by Eqs. (3), (4) and (5) respectively.
Where, SUSec, SUSen and SUSso represent the economic environmental and social sustainability respectively. i = 1,2,3,4 represents the indicator in a particular sub-index. Finally, all the sub-indices representing different dimensions of sustainable development are combined into a composite sustainability indicator through Eq. (6)
Where, CSI represents the composite sustainability indicator at time t.
Model specification

Relationship between trade openness and green GDP
We start by establishing a relationship between trade openness and green GDP through a simple cob-Douglas production function given below:
Where, GGDP t represents the green GDP. Lab t , Cap t and TO t respectively indicate the amount of labor, capital and degree of openness of a country at a particular time t. In a specific form the equation can be written as follows:
In this model, a particular class of green GDP known as Genuine Savings (GS) is incorporated into traditional economic growth model to analyze the influence of trade openness on overall sustainability. GS is defined as net savings adjusted for physical capital depreciation, human resource investment, and deterioration of the environment. GS determines the conditions for sustainability of a resource-dependent economy such as India on its ability to maintain a constant stream of consumption into the infinite future. Trade openness is measured by the ratio of trade intensity (export ratio plus GDP imports). ADR is the age-dependence ratio of the labor input. The ratio of dependency to the working population is known as the ratio of dependent class or non-working age population (15 and 64). The reasoning behind taking ADR is that it constrains growth by rising dependent population. The ratio of gross fixed capital formation (GCF) to real GDP at the US dollar 2010 reflects physical capital. All the variables are taken in their logarithmic form.
GAP between GDP and green GDP
Several studies have shown that there is an increasing gap between GDP and green GDP over time. The quality of life is improving, along with economic growth, but up to a certain threshold. From there any rise in economic growth will result in higher welfare costs, which will widen the gap (Max-Neef 1995 and Lawn 2003) . As a developing country, India is striving to achieve higher economic growth. In such a situation, it is interesting to see if environmental degradation and other welfare costs offset or more than offset the rising economic activity. The 'GAP' model formulated by Talberth and Bohara (2006) is used to explore whether trade openness is widening the gap. In this model the role of trade openness along with social and environmental measures is analyzed in either widening or contracting the gap. Both social and environmental measures have a strong influence on green GDP. The general formulation of the model is given in Eq. 9 given below:
Where, GAP is the difference between the conventional GDP and green GDP. X is 1*k, β is k*1 and k = 3 since we have three explanatory variables in X.
ARDL approach to Cointegration
In order to investigate the impact of underlying variables on green GDP, various econometric models can be resorted to. These include Engle Granger (1987) . Maximum Likelihood-based Johansen (1988 Johansen ( , 1991 and Johansen and Juselius (1990) . However, these tests are severely sensitive to the stationarity property of the variables and length of the sample. To overcome these issues, we followed the autoregressive distributive lag (ARDL) approach developed by Shin (1999, 2001) . ARDL approach, contrary to the other approaches performs better irrespective of order of integration of variables and determines both long as well as short run coefficients simultaneously. However, it underperforms when the data series are integrated of order I (2).
In consideration to this, we specify the ARDL (p q) model 1 as fallows;
Where Δ is the first difference operator, p is the optimal lag length, α 1 , α 2 and α 3 are the short-run responses while as ρ 1 , ρ 2 and ρ 3 represent the long-run responses of independent variables defined above. υ 1 represents the regression error term.
In order to check the robustness or our results, we also estimated the relationship between the trade openness and sustainability by using an alternative indicator called Composite Sustainability Index (CSI). The methodology of estimating CSI is given in appendix 1. The specific form of model 2 is given by Eq. 4.
Where, CSI is the Composite Sustainability Index, Δ is the first difference operator, p is the optimal lag length, α 1 , α 2 and α 3 are the short-run responses while as ρ 1 , ρ 2 and ρ 3 represent the long-run responses of independent variables defined above. υ 1 represents the regression error term.
The GAP model is estimated through the fallowing specification
Where, LPI is the livestock production index, GINI represents the income inequality index, TO is the measure of trade openness and GAP is defined above. Δ is the first difference operator, p is the optimal lag length, λ 1 , λ 2 and λ 3 are the short-run responses while as χ 1 , χ 2 and χ 3 represent the long-run responses of independent variables. υ 1 represents the regression error term.
We rely on livestock production index (LPI) taken from World Bank as a control variable for measuring environmental degradation. LPI has a strong connection with environment, as increase in livestock production leads to overgrazing which in turn leads to deforestation, soil erosion, land degradation, riparian habitat loss and water pollution. The inclusion of other measures of environmental degradation would create a problem of collinearity because genuine savings are adjusted for almost all other such variables. However, livestock production is independent of any such adjustment. Further we incorporated distribution of income in our model which, Talberth and Bohara (2006) have not taken into consideration in their final model. We expect livestock production and income inequality to positively influence the gap. However no such assumption is made regarding effect of trade openness.
The data on all the variables except income inequality is taken from the World Development Indicators (WDI) 2018. For income inequality, we used estimated household income inequality data set computed by University of Texas Inequality Project. The data set has missing value for 2011 which was interpolated and was extended up to 2016 by extrapolation by authors themselves. Trade openness is taken same as in green GDP growth model. Due to non-availability of data beyond 2016 we restricted our self to that time span only.
Empirical results and discussion
This section presents the econometric estimation of the above mentioned ARDL model. Before application of ARDL model, the integration of all the variables must be checked. For that purpose, standard Augmented Dickey-Fuller test is employed. To determine the existence of long-run relationship or cointegration in Eq. (3), bounds test is used. Bounds test is used for [non] existence of any cointegrating relationship among variables using F-statistics. Null hypothesis is rejected [accepted] if F-statistic turns out to be greater [lower] than upper [lower] bounds critical values respectively. Values of F-statistic lying between the two bounds are considered as inconclusive. Cointegration testing is followed by selection of optimal lag length through various information criterion like AIC, BIC, R 2 and HQ.
Stationarity test
To begin with, the first exercise is to present the overview of the data itself. The statistical properties of the underlying variables are tested through application of standard Augmented Dickey-Fuller (ADF) test to all the variables both at levels as well as at first difference. The results are produced in Table 1 .
In Table 1 , column 3 portrays the p-values associated with the dynamic regressors are greater than any conventional level of significance. This rejects the null of variables having unit root. Therefore, it indicates that the variables are anything but I (0). However, ARDL severely underperform in a situation where variables are I (2). To validate the application of ARDL model, we applied ADF again at first difference of each variable. Column 4th and 5th of Table 1 present the T-values and their associated p-values respectively. The p-values significant at 1% significance level reject the notion of variables being I (2) and thereby validates the application of Bounds test. Bounds test confirms the presence or absence of long run relationship among variables. However before investigating such relationship, we present the summary statistics as given in Table 2 . Table 2 portrays the normality and stability of the underlying variables over the period of investigation. Jarque-Bera test static and its associated p-value indicate that the normality assumption is upheld. In a similar vein, the standard deviation of each variable is less that its mean values indicating the stable variation among them in the sample period. In what follows, we proceed with estimating the cointegrating relationship between the underlying variables. The presence or absence of equilibrium relationship is examined through bounds test. The results are produced in Table 3 : Table 3 reveals that the test statistic in both the models exceeds the I (1) critical value bound at all levels of significance. This provides a confirmation of presence of long run relationship between the green GDP and other independent variables. Upon confirmation of equilibrium relationship between the variables, long run as well as the short run responses of sustainability to independent variables especially trade openness is estimated. We expect a positive relationship between gross capital formation and green GDP and a negative relationship between the ratio of number of dependents to number of working people and green GDP. However, we make no hypothesis regarding the effect on green GDP with respect to trade openness. Table 4 presents the results of both the models through ARDL approach.
In Table 4 , the upper panel shows the long run results and lower panel shows the short run results. As shown by the table, gross capital formation (LnGCF) has as expected positive and statistically significant coefficient. Gross capital formation positively impacts the growth rate of green GDP and therefore contributes to the sustainability conditions in India. The results indicate that with every incremental unit of capital formation, green GDP increases by 1.09 units. In model 2 LnGCF also shows similar Log of trade openness (LnTO) has a significant negative coefficient in both the models. These results indicate that the impact of trade openness on sustainability is deteriorative. This can also be interpreted as, opening borders for cross country trade by India is leading it to borrow from future generations. There are number of channels through which trade openness can have negative repercussions on sustainability particularly in developing and third world countries. These include the migration of polluting industries, putting extra pressure on natural endowments and even by raising income inequality both within and among the countries. This finding supports the views of many environmentalists and dependency theorists, who claim that trade openness puts developing countries and poor people in great jeopardy. George and Krikpatrick (2004) stated that the reason for such negative correlation between trade openness and sustainability lies in the composition of foreign trade. Exports of primary and low value added products and import of high end goods reduces overall welfare. Genuine savings despite being a weak indicator of sustainability severs our purpose of analyzing impact of trade openness on sustainable development. In model 2 coefficient of trade openness mimics itself to that of model 1. This indicates the robustness of our results to any change in measurement of sustainability.
The log of age dependency ratio (LnADR) has shown surprising results contrary to our anticipation in both the models. The results show that as the number of dependents increase, green GDP also increases. This paradoxical finding may be due to one or multiple reasons for such relationship. Various factors including specification bias may also produce such contrary results. However, the residual tests as given in Table 5 below indicates that no such statistical issue exists in the model. The R-square of 0.91 and Adjusted R-square of 0.87 are indicative of the explanation of changes in sustainable development by about 87%. Also, the explanatory variables have significant collective impact on the regrassand (the model fit) as given by F-statistic. We believe that the presence of large unorganized labor sector in India may not be captured fully by the data. Further age dependency ratio is the composition of population but not economic dependency. Some children and elderly people are part of labor force and many working age people are outside its ambit. These two factors may be primarily responsible for such a positive relationship between age dependency and green GDP. The lower panel of 4 reports the estimates of short run coefficients on impact of dynamic regressors on sustainability. In this regard, we employed Error correction model (ECM). ECM shows the speed of adjustment of any deviation from the long run equilibrium. The coefficient on error correction term in both the models is found to be negative and statistically significant at all significance levels. It reflects that 117%* and 84%* disequilibrium is corrected in the next period after a shock to the system. The significant coefficient (0.73 units) of GGDP at lag 1 indicates its mean reversion property after one period lag for a given shock in the system. In model 1 the coefficient of gross capital formation is statistically significant at 1% significance level with an estimate of 1.27 units. It reflects that one unit increase in gross fixed capital formation tend to increase green GDP by 1.27 units in the short run. Similar impact is gross capital formation is seen in model 2 also. Coefficient of age dependency ratio (ADR) is positive but insignificant in both the models which again is paradoxical as described above. The coefficients of trade openness in both the models are again both negative and significant. These results thereby means that trade openness reduces the sustainability by around 0.7 units in the short run. This depicts the consistency among the short run and long run effects of trade openness on sustainability in India.
While as, these results may appear to be influenced by independence, variance and covariance properties of the regression error term, it is customary to perform certain residual diagnostic testing. The results are shown in Table 5 below. Table 5 reports the residual diagnostic tests of serial correlation and heteroskedasticity. Under the null hypothesis of serially uncorrelated residuals, the p-value associated with F-statistic is found to be 0.65. Therefore, we fail to reject this null hypothesis and conclude that residuals are serially uncorrelated. Heteroskedasticity test under the null hypothesis of homoscedasticity of residuals, the p-value associated with F-statistic is found to be 0.73. Therefore, we again fail to reject this null hypothesis and conclude that residuals are homoscedastic. In a similar vein, p-value associated with Ramsey RE-SET test also rejects presence of any omitted variable bias. Towards the end, the test statistic of Durbin-Watson test also validates the consistency of the model. Therefore we can conclude that the results of our study are robust and consistent. Further, the stability of the model is confirmed by the results of CUSUM and CUSUM squared (stability tests), presented in Fig. 1 . This confirms our estimates to be reliable and consistent.
The graphical representation of stability test is shown in Fig. 1 . The plot of cumulative sum of recursive residuals and squared residuals shown in in panel A and panel B shows that the parameters are stable over the sample period. Overall Table 5 and Fig. 1 indicates that the model has desirable statistical and theoretical properties and can be used for policy analysis.
Gap between conventional GDP and green GDP
As again, we started with the same procedure of detection of unit root. The results are reported in Table 1 . The results of Augmented Dickey-Fuller test indicates the nonstationarity present at levels in all the variables. However, the stationarity was restored at first difference in all variables as indicated by their respective p-values given in bottom three rows of the 5th column of Table 1 . On investigating whether trade openness affects the gap between conventional GDP and green GDP, we used both ARDL and OLS technique. However, before estimation of the regression coefficients descriptive statistics are presented. As reported in Table 2 the results indicate that the data is both normal as well as stable. The residual series however indicated presence of both heteroskedasticity and auto-correlation. To correct for the bias in standard errors due to heteroskedasticity and auto-correlation and to provide a more robust estimates for inference regarding the significance of estimated coefficients, heteroskedasticity-and autocorrelation-consistent (HAC) standard errors were calculated. This procedure does not alter estimation, but changes only the estimates of the standard errors to ensure their consistency in presence of heteroskedasticity. All the variables have been taken in log form and estimates of regression coefficients are reports in Table 6 . As shown by the Table 6 , in both the models, livestock production index (LnLPI) has as expected a positive influence on the gap. Taking all the factors constant, increase in livestock production widens the gap and reduce the sustainability conditions in India and vice versa. This may be through any of the multiple channels through which LPI contributes to environmental degradation. However, the insignificance of coefficient of LPI precludes from attributing any sort of such environmental degradation to livestock production in India. In the short run the negative sign of the coefficient of LnLPI indicates the positive effect on reduction of gap between conventional GDP and green GDP. However, the coefficient is again statistically insignificant.
Coefficient of LnTO indicates that trade openness is associated with more welfare costs than the gains generated by it. In the long run trade openness contributes positively and significantly in widening the difference between GDP and green GDP. In short run also trade openness shows similar effect. This finding in in line with our earlier results of green GDP which indicated that trade openness reduces the sustainability conditions in India. Our results lend support to the study of Max-Neef (1995) who also found similar results. However, contrary to our expectations, income inequality has a negative and significant coefficient in both the models. The negative sign shows that increase in income inequality reduces the gap between GDP and green GDP. This may be due to effect of marginal propensity to save. Higher income inequality leads to concentration of wealth in few hands thereby creation of economic pyramid. Those at the top of the pyramid have higher marginal propensity to save as compared to the bottom share. As we have relied upon adjusted net savings, increasing income of upper class with high marginal propensity to save positively influence the savings which in-turn reduces the gap. The variation explained (R 2 ) by the model is low for the reason that the vast set of other factors have strong influence on sustainable development. Those variables have not been included for the reason of collinearity as our dependent variable is adjusted for almost all such variables. Fig. 2 shows the results of CUSUM and CUSUM square test thereby stability of the model. The blue line located within the two red lines indicated that our model is stable. The plot of cumulative sum of recursive residuals and squared residuals shown in in panel A and panel B shows that the parameters are stable over the sample period. Overall Fig. 1 indicates that the model has desirable statistical and theoretical properties and can be used for policy analysis.
Conclusion and policy implications
Our estimation supports the opinion of environmentalists. We examined the implications of trade openness on one of the World Bank's composite weak sustainability measure known as genuine savings (GS). The results show the opposite view of the previous studies. We found that cross-border trade reduces green GDP significantly and increases the gap between GDP and green-GDP in india. This refutes the fundamental principle of trade theory, which states that free trade maximizes productivity in the use of world resources, including natural capital and the environment. These findings are consistent with environmentalists and social commentators who argue that trade openness and economic activity is associated with higher welfare costs. Additionally, our results hold for weak sustainability meaning thereby, it will also hold for strong sustainability. However, few things should be borne in mind. The foregoing analysis suggests that green GDP is a useful tool for examining the influence of other factors on sustainable development. Here we used the production function framework incorporated with green GDP. As Talberth and Bohara (2006) puts it that there is no global consensus regarding alternative measures of green GDP. The methodological variation remains the bone of contention. Our measure of green GDP is also a crude measure of sustainable development. The weak sustainability paradigm pitches for resources to be atleast nondeclining for future generations. This approach invariable balances one against the other. Keeping in view the earth's resilience, depleted natural capital, gravely damaged environment a broken social contract may not be compensated. Further, it is assumed that trade openness is exogenous to avoid the complications of endogeneity and causality. For these reasons, the results of this study should be taken with a grain of salt. Despite these limitations, it provides a gainful insights to assess the impact of trade openness on sustainability in India. We believe that the study is useful in Indian context where paucity of comprehensive empirical study covering all the three components of sustainability is found. This study sets the platform to assess impact of trade policy in a broader framework of sustainable development.
